






























PURPOSE 

 The objective is to create bioluminescence and chemiluminescence assays to measure metabolites relevant to the management of chronic renal failure. 
Renal chip will be a single use disposable device, similar in ease of use to a modern glucose meter and glucose test trips (1). It will be a multi analyte chip that can 
be used to measure metabolites related to the chronic renal failure. The analytes chosen were glucose, creatinine, urea and phosphate which are essential to 
monitor kidney function. Only the assay development is studied here. The chip and the optical device to measure light are being developed by others in our group. 
For these assays to be effective in a renal chip, the assays have to be sensitive so that only small amount of sample (blood/urine) is needed; enzymatic 
luminescence reaction is very sensitive and therefore only micro and nano volumes of sample are required. Assays must provide a useful calibration curve covering 
the concentration range needed for each analyte. The methodology for  this is described here specific to creatinine. 

INTRODUCTION 

              There are two ways to measure an analyte, either through production assay or competitive assay. Two luminescence platforms have been used for the 
above mentioned objective. They are; Chemiluminescence using Luminol and Bioluminescence using Firefly luciferase (2,3). 
               This luminescence reaction can be either coupled to metabolite involved reactions that produce or consume H2O2 or reactions that produce or consume 
ATP. Therefore, the measured light intensity will be directly proportional to the concentration of metabolite. 

PRODUCTION ASSAY 

Analyte + Reactants                    H2O2  or Analyte + H2O2       Products 

                      Horse Radish Peroxidase 
Luminol + H2O2                                 3-aminopthalate + Nitrogen + 2 Water + Light 

COMPETITIVE ASSAY 

Analyte + ATP                    product or Analyte + reactant                          ATP 

                                    Firefly Luciferase 
Luciferin + Oxygen + ATP                       Oxyluciferin + AMP + Pyrophosphate  + Carbon dioxide + Light 

               Creatinine was measured with firefly luciferase platform using a competitive assay (Figure 2). In this assay, creatininase converts creatinine to creatine. 
Creatine kinase then converts creatine to creatine phosphate using ATP. Since both reactions compete for ATP, higher the concentration of creatinine, lower the light 
output. MgSO4 was used since luciferase requires Mg2+ as cofactor for the luminescence reaction to proceed. 

                             Creatininase 
Creatinine + H2O                            Creatine 
                             Creatine kinase 
Creatine +ATP                                   Creatine phosphate + ADP 
                                  Firefly luciferase      
Luciferin + ATP + O2                            Oxyluciferin + Pyrophosphate + AMP + CO2 +Light 

Figure 2: Creatinine assay involves creatininase and creatine kinase reactions coupled with firefly luciferase reaction 

METHOD 

Different stages were involved in an assay development; 

• Assay study and model 
This reaction was modeled using a mass balance analysis. Using Matlab, these differential equations were solved and time versus reaction rate was plotted (Figure 
3). Rate of the reaction is the number of moles of product formed per second (moles/s) and in our assay; it is the amount of light produced in the second reaction. 
The initial concentrations of creatinine used were 0, 50, 100, 150, 200, 250 and 300 µM. 

• Choosing normalization technique – Z-Score 
Model of the creatinine assay was chosen to demonstrate the feasibility of using Z-Score as a normalization technique. Rate (moles/s) data was normalized by Z-
Score method.Z-Score indicates the standard deviations away from the mean of a specific observation. If the observation is X, from a population with mean µ and 
standard deviation σ, then  
 Z= (X - µ) / σ 
It is a simple statistical normalization method to compare different sets of data. 
For all of these assays, area under the normalized curve (Z-Score curve – plot of time versus Z-Score) was the best since the normalized curve were almost 
horizontal lines (Figure 4,5). 

• Testing of wet assay 
Cocktail of all the reagents were prepared with ATP/MgSO4 prepared separately. 8.3 µL of cocktail was added to the luminometer tube and then 1.7 µL of ATP/
MgSO4 was added. The luminescence reaction starts once ATP is added. After 30 s, 2.5 µL of analyte is added and luminometer is started. Time vs. light output 
data was collected. Calibration curve for the wet assay was obtained (Figure 6). 

• Testing of wet assay in serum 
The analyte (creatinine) was spiked in serum to determine whether similar results can be obtained (Figure 7). 

• Testing of dry assay 
Enzymes used in these assays are heat sensitive and therefore require freeze drying. Freeze drying can cause freezing and drying stresses (low temperature 
stress, formation of ice crystals, increase in ionic strength, pH change etc.,) that can denature the enzymes. Therefore excipients are added to stabilize the 
enzymes during freeze drying (2,3) (Figure 8,9). 

RESULTS 

• Assay study, model and understanding the normalization technique

               The calibration curve obtained for the model was a linear fit and also, it was clear that this normalization technique can be used for all of the assays to 
obtain a useful calibration curve.  

• Testing of wet assay in buffer and serum 

                  When the assays tested in serum were compared with assays tested in buffer, the calibration curves for creatinine assay were found to be almost 
similar with a small change in slope  

• Testing of dry assay 

                Dry assay control was only 44% of the wet assay output. After adding sucrose, the dry assay light output increased to 57% of the wet assay output. 

DISCUSSION 

               This study revolved around the basic understanding of the assay, testing them in solution to determine the feasibility of the assay.  The assays were 
modeled to understand the assay and to determine the best data analysis method using creatinine assay as an example. Cocktail was prepared, tested with 
different concentrations and the light output obtained was plotted against time for different analyte concentrations.  The data was normalized using Z-Score 
method and area under the normalized curve was obtained and plotted against analyte concentration. Calibration curves were obtained for all analytes. The 
calibration curves were analyzed and found to be feasible.  
               These assays were studied in serum; and it was found that creatinine and urea assay tested in serum were very similar to the wet assay. For the other 
two assays, the calibration curves were different. Therefore there must be some interference in serum which needs to be further studied. 
               The assays were lyophilized and tested in dry form as similar to wet assay after reconstituting the dry assay with 10 µL of water. The output reduced due 
to decrease in enzyme. Therefore excipients were added to reduce the effect of lyophiliztion stress on the enzymes. Calibration curves were obtained for different 
excipients and compared. The best excipient for each assay was determined. Even though statistical significance of the data collected is not dealt in detail, this 
study will act as a ground work for future development of multi-analyte assays on a chip.  
               Future work will involve repeating the assays to test the reliability of the assay. More stabilizing agents need to be tested for better conservation of 
enzyme activity after freeze drying.  
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Excipient Rationale

Bovine Serum Albumin (BSA) 
Poly Ethylene Glycol (PEG)

Polymers that act as both cryo and 
lyoprotectants. 

Stabilization is attributed to preferential 
exclusion, surface activity and hindrance of 

protein-protein interactions.
Glutathione (GSH) Antioxidant

Sugar (Sucrose, Trehalose) Acts as both cryo and lyoprotectant

Figure 3: Model of creatinine assay for 
different initial creatinine 

concentrations of 0, 50, 100, 150, 
200, 250 and 300 µM. Rate is given 

by number of moles of product formed 
per second 

Figure 4: Normalized data of creatinine 
 model using Z-Score method

Figure 5: Calibration curve for the 
creatinine model using a linear fit

Figure 6: Calibration curve for the wet creatinine assay. 
The curve drawn is average of two sets of data (shown 
as circle and diamond) and represents the area under 

the normalized curve of time versus light intensity (RLU) 
(60-120 s). The average data (star) was fit with linear fit 

using Matlab fitting tool. 

Figure 7: Calibration curve for creatinine assay with spiked 
concentrations of 0, 50, 100, 150, 200, 250 and 300 µM creatinine 

in serum. The average data was fit with linear fit using Matlab fitting 
tool. The sensitivity of the assay is approximately 0.7 units/microM 
concentration of creatinine except for the range 200 -250 microM 

where it is 0.3 units/microM of creatinine 
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Figure 8: Comparison of calibration curves of wet assay, wet, 
dry assay + BSA + GSH + PEG and dry assay + BSA + GSH 
+ PEG + sugar (sucrose and trehalose) for measurement of 
creatinine. All the data points are averaged from two/three 

data sets which are not shown here.
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Figure 9: Comparison of increase/change in light output due to addition 
of different excipients as well as change in output before and after 

lyophilization for creatinine assay. Relative light intensity is the ratio of 
individual assay intensity to the maximum intensity among these five 

different assays such that they are standardized.

Figure 1: Two different assays, productive and competitive assays are shown here with examples of how the output would vary 
with time with respect to concentration of metabolite

Table 1: Rationale for using the following excipients in the dry assay




















